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Pre-Biotic Chemistry in the Outer Solar System

Example Campaign Roadmap
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Deep Space Science Mission Imperatives

• Small, low cost spacecraft 

• Low power, excepting electric propulsion 
missions

• Severe environments
– Low temperatures:  100K to 700K

– Radiation

– Atmospheres

– High-G impacts

• New technology enabling









Advanced Radioisotope Power Sources

Ö New heat source
– 2 to 4 Wt  class

– 60 to 120 Wt  class
Ö New converters

– 0.10 We  class

– 10 We  class

– 100 We  class
Ö New thermal mngt.

– Microspacecraft  RHU
Ö Harsh environments

– Hermetically sealed

– High “g”

– High temperature

– High pressure

– High radiation dose

Advanced
Technologies:
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Battery Status and Needs

• Nickel-hydrogen designs now in common use by 
deep space science mission planners

• Lithium-ion is the future technology of choice and 
development is accelerating dramatically.
– 5000+ cycles on small cells

– Scale-up to 20 Ah

• Extreme environments:  
– Primary Lithium to -80˚ C;  Li-ion to -20˚ C or lower

– High temperature?

• More emphasis on integrated concepts needed.
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PV Status and Needs

• 19% efficiency is flying;  20+% efficiencies about 
ready to fly;  30% is in sight

• Concentrators also about to fly

• First low mass structures developed;  development 
of inflatables accelerating

• Work on radiation hardness proceeding

• New integrated system concepts under study







Examples of Integrated “Systems”

• Combined PV and RF systems

• Combined PV cell and chemical energy storage

• Combined radioisotope power source chemical 
energy storage

• Chemical energy storage at the sensor head or 
“chip” level

• Attitude control and flywheel energy storage









Workshop Objectives

• Identify Advanced Concepts

• Identify applications and BENEFITS

• Assess maturity

• Identify key issues and milestones

• Innovation is expected



Power Splinter Groups
• Solar:

– Multifunctional Systems

– Advanced Concepts

– Planetary In Situ Power Systems

• Radioisotope:
– Multifunctional Systems

– Advanced Converters (for small power sources)

– Advanced Heat Source Concepts




